We performed dengue virus (DENV) serology and quantitative real-time pan-DENV reverse transcription-PCR (RT-PCR) on 186 sera of 171 patients returning from the tropics. DENV loads significantly decreased with increasing times of disease and were higher in immunoglobulin M-negative samples. In the first week of disease, pan-DENV RT-PCR is the test of choice.
With increasing international travel and tourism to and from regions of endemicity, dengue virus (DENV) infections are more frequently encountered in nontropical regions (4) , calling for efficient and timely diagnostic methods. Since DENVspecific antibodies used for routine diagnostics reach a detectable level only after the initial phase of disease (3), we evaluated the role of quantitative reverse transcription-PCR (RT-PCR) for early diagnosis of DENV infection.
Patient samples were tested for the presence of anti-DENV immunoglobulin M (IgM) and IgG antibodies by using a rapid serological assay (dengue duo cassette; Panbio, Sinnamon Park, Australia) according to the manufacturer's instructions. The physicians in charge were asked to fill out a questionnaire to collect information on the patients.
RNA was extracted using a QIAamp viral RNA mini kit (Qiagen AG, Hombrechtikon, Switzerland) according to the manufacturer's instructions. The real-time RT-PCR method for the detection of all DENV subtypes (panDV RT-PCR) was adapted from a published protocol (2) ( Table 1) .
The panDV RT-PCRs were run with a total volume of 25 l including 5 l template RNA, using an iScript one-step RT-PCR kit for probes (Bio-Rad, Reinach, Switzerland). The thermal profile consisted of one RT step at 50°C for 10 min, a denaturation step at 95°C for 5 min, and 45 cycles of 95°C for 30 s and 60°C for 60 s. Quantification was performed using a standard curve generated by dilution of a reference plasmid containing the target region from DENV type I. All samples were tested in triplicate. An additional replicate was spiked with 1,000 copies of the reference plasmid to detect potential inhibitions. As an RT control, 1e5 copies of in vitro-transcribed DENV-1 RNA were tested in parallel.
Data analysis was performed using SPSS software (version 13.0.0 for Macintosh). P values of Ͻ0.05 were regarded as significant. The study protocol was approved by the local scientific ethics committee (Ethikkommission beider Basel, Basel, Switzerland, no. 05/07).
We analyzed a total of 186 serum or plasma samples from 171 travelers returning from the tropics with clinical suspicion of DENV infection. Retrospective subset A consisted of 25 IgM-positive samples from 24 patients. The median age was 38 years (interquartile range [IQR] , 28 to 53). The gender distribution was 7 women (29.2%) and 17 men (70.8%). Four patients of this subset tested positive by panDV RT-PCR (Table  2) . DENV-specific IgG was found in four samples (four patients, all IgM positive): three were panDV RT-PCR negative, and one was panDV RT-PCR positive.
Subset B consisted of 161 samples from 147 patients, collected prospectively between May 2006 and June 2007. The median age was 41 years (IQR, 29 to 51), and the gender distribution was 64 women (43.5%) and 82 men (55.7%). The gender of one patient was unknown. Overall, 32 samples (27 patients) tested positive by panDV RT-PCR. Out of those, 10 were IgM negative ( Table 2) . DENV-specific IgG was found in c To improve detection of DENV type IV, the additional probe Den4-P was used together with the original DenP probe (5 pmol each per reaction). The modified positions are shown in bold.
16 samples (15 patients): 5 were panDV RT-PCR positive and had detectable IgM, 8 were panDV RT-PCR negative but had detectable IgM, and 3 were PCR and IgM negative.
Median DENV loads were significantly higher in IgM-negative samples than in IgM-positive samples (5.47e5 versus 2e2 genome equivalents [geq]/ml, respectively) (Fig. 1) . We found no significant difference in DENV loads when the 6 IgGpositive/panDV RT-PCR-positive samples were compared to the 30 IgG-negative/panDV RT-PCR-positive samples.
For 37 of 45 patients (82.2%) with DENV infection diagnosed as positive by panDV RT-PCR or IgM testing, the dates of the first reported symptoms and of the blood samplings were available. For the panDV RT-PCR-positive samples, the median time lapse between symptom start and testing was 5 days (IQR, 4 to 7 days). For the panDV RT-PCR-negative samples, the median time lapse was 10 days (IQR, 8 to 20 days). This difference was statistically significant (Fig. 2) . The measured DENV loads significantly decreased with increasing times between first reported symptoms and samplings (Fig. 3) . No viral load was detected after day 9.
For IgM-positive samples, the median time lapse between symptom start and testing was 7 days (IQR, 4 to 8 days). For the IgM-negative and panDV RT-PCR-positive samples, the median time lapse was 5 days (IQR, 2 to 5.25). This difference was statistically significant (Fig. 2) . The travel destinations for 105 of 147 patients (71.4%) in prospective subset B were known (Fig. 4) . Most patients returned from South East Asia (46 patients [43.8%]) and India (20 patients [19.0%]). The median duration of stay was 20.5 days (IQR, 15 to 31), and the durations for DENV-positive and -negative patients were not different (medians of 20 days versus 21 days, respectively). Fever and headache were the most frequently reported symptoms but were not associated with positive DENV test results. However, rash and thrombocytopenia correlated with positive DENV test results obtained by panDV RT-PCR or IgM testing (Table 3 ). Both signs are not A potential limitation of our study is false-positive IgM due to known cross-reactions between the rapid assay used and rheumatoid factors or other viruses in up to 4.8% of the cases (1). Moreover, although the primers and probes were adapted to the currently available DENV sequences, we cannot exclude that some virus variants might have been underquantified or not detected, due to mutations in the target regions. However, we had the opportunity to evaluate our assay with a quality control panel published by Lemmer et al. (5) and our data fully matched the expected results.
In conclusion, our study shows that DENV testing should be considered for febrile patients returning from tropical regions, in particular patients with rash and thrombocytopenia. If the symptoms last for 1 week, panDV RT-PCR should be requested, whereas after 1 week, IgM serology is the test of choice. 
